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Experimental Procedures 

Preparation of hybrid liposomes. Hybrid liposomes (HL-n, n = 21, 23, 25) were prepared by the 

following methods.1 L-α-dimyristoylphosphatidylcholine (DMPC) (NOF, Japan) and 

polyoxyethylene(n) dodecyl ether (C12(EO)n) (n = 21 and 25; Nikko Chemicals, Japan, n = 23; Sigma 

Chemical, U. S. A.) were mixed in 5% glucose solution and sonicated with a sonicator (VS-N300, 

VELVO, Japan) at 45 °C with 300 W, followed by filtration with 0.20 µm filter. 

Dynamic light scattering measurement. Apparent mean hydrodynamic diameters (dhy) of HL-n were 

measured by a dynamic light scattering method using an electrophoretic light scattering 

spectrophotometer (ELS-8000, Otsuka Electronics, Japan) with He-Ne laser (633 nm) as light source.2 

WST-1 assay. Human hepatocellular carcinoma HuH-7
3
 and Hep-G2, cervical cancer HeLa and lung 

carcinoma A549 cell lines were purchased from Riken Cell Bank (Japan). Human colon 

adenocarcinoma WiDr and gastric adenocarcinoma MKN45 cell lines were from Health Science 

Research Resources Bank (Japan). Human colon carcinoma HCT116 cell lines were from American 

Type Culture Collection (U. S. A.). The cells were seeded in 96 well plates (2.0 × 103 cells/well) in a 
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humidified atmosphere of 5% CO2 at 37 ˚C. After 24 h, HL-n were added into each well and the plates 

were incubated for 48 h. The viable cell number was measured by WST-1 

(2-methoxy-4-nitrophenyl-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, monosodium salt) 

assay with a Cell Counting Kit (Dojindo Laboratories, Japan) according to the manufacturer’s 

instruction.1 The fifty percent inhibitory concentration (IC50) of HL-n was determined from the 

concentration-dependence of the cell viability. 

TUNEL method. Apoptotic cells were detected by TUNEL (terminal deoxynucleotidyl 

transferase-mediated dUTP-biotin nick end labeling) method using an In Situ Cell Death Detection Kit 

(Roche Diagnostics, Switzerland).4 After the pre-incubation of cancer cells (2.0 × 104 cells/ml) for 24 h, 

HL-23 was added into the culture solutions at the IC50 and the cancer cells were cultivated for 48 h. 

Subsequently, the cancer cells were stained with TUNEL and TO-PRO-3, and then the DNA 

fragmentation was observed with a confocal laser microscope (TCS-SP, Leica, Germany). 

TIRF microscopy. Accumulation of HL-n into the plasma membranes of cancer cells was observed by 

total internal reflection fluorescence (TIRF) microscopy.5,6 After the pre-incubation of cancer cells (1.0 

× 10
5
 cells/ml) for 24 h, HL-23 (1.0 × 10

-4
 M DMPC) containing 

1-palmitoyl-2-[12-[(7-nitro-2-1,3-benzoxadiazol-4-yl)amino]dodecanoyl-sn-glycero-3-phosphocholine 

(NBDPC) (Avanti Polar Lipid, U. S. A.) (4.6 × 10
-6

 M) was added into the culture solutions, and then 

the cancer cells were observed with a total internal reflection fluorescence microscope system (TIRFM, 

Olympus, Japan) equipped with an air-cooled CCD camera (EM-CCD C9100-13, Hamamatsu Photonics, 

Japan). 

Fluorescence depolarization method. Membrane fluidity of cancer cells was evaluated on the basis of 

a fluorescence depolarization method with a fluorescent probe 1,6-diphenyl-1,3,5-hexatriene (DPH) 

(Nacalai Tesque, Japan).7 After the pre-incubation of cancer cells for 24 h, the cells were treated with 

0.05% Trypsin/EDTA and suspended in a phosphate buffered-saline (PBS (-)), and then DPH (1.0 × 10
-7
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M) was added into the cell suspension (2.0 × 104 cells/ml). The cell suspension was allowed to stand for 

15 min at 37 ˚C, the fluorescence polarization (P) of DPH was measured using a fluorescence 

spectrophotometer (F-2000, Hitachi, Japan). 
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Figure S1. Distribution of hydrodynamic diameter (dhy) for (a) HL-21, (b) HL-23, (c) HL -25 composed 

of 90 mol% DMPC and 10 mol% C12(EO)n in 5% glucose solution at 25 ºC. [DMPC] = 10 mM, 

[C12(EO)n] = 1.1 mM. 
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Figure S2. Correlations between (a) accumulation of HL-23 into the plasma membranes and inhibitory 

effects of HL-23 on the growth of tumor cells and (b) accumulation of HL-23 into the plasma 

membranes and the membrane fluidity of tumor cells. 1: HuH-7, 2: Hep-G2, 3: HCT116, 4: A549, 5: 

HeLa cells. 
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Table S1. Fluorescence polarization (P) of 

DPH in the plasma membranes of various 

cancer cellsa

cancer cell P ( - )

HuH-7 (Liver) 0.178 ± 0.002

Hep-G2 (Liver) 0.187 ± 0.003

HeLa (Cervix) 0.255 ± 0.001

A549 (Lung) 0.222 ± 0.004

WiDr (Colon) 0.201 ± 0.003

MKN- 45 (Stomach) 0.196 ± 0.002

HCT116 (Colon) 0.195 ± 0.004

a Data represented are the mean ± S. E..
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r = -0.92, p = 0.026r = -0.91, p = 0.033 (b)(a)
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